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B CKanupyiomeM h xpaHCMHCCHOHHOM 3JieKxpoHHbix MHKpocKonax uayneHO cxpoenue 
KyxHKyjibi B3pocjibix ocoGeu BOJiocaxHKOB Gordionus alpestris (Villot, 1885), co6paHHbix 
B Hioue 2013 r. b p. Ciok 6jih 3 noc. HuKejib Pecny6jiHKH A;^bI^eH (Poccha). B ^auHOH 
MecxHocxH 3XH BOJiocaxHKH napa3HXHpyiox B MHO^OHO^Kax-OT^JIO^o;^ax Packyiulus kri- 
volutskyi Golovatch, 1977 (Diplopoda). 06cy^^aioxca ocoOeunocxH cxpoenufl xyxHKyjibi 
G. alpestris b cpaBueHuu c ^pyruMH BOJiocaxHKaMH, Koxopbix HMeioxcfl ^lanubie no 
yjibxpacxpyKxype n xoHKOMy cxpoennio noBepxnocxn xejia. 

KnioHeehie cjioea: BOJiocaxHKH, CHCxeMaxHKa, Mop({)OJiorHH, KyxHKyjia, yjibxpacxpyxxypa. 


BojiocaxHKH — 3X0 nepBHHHonojiocxHbie uepuH, napasHXHpyiomHe b paa- 
jinnHbix ujicHHcxoHorHx (Heinze, 1941). Hx Bspocjibie CBoGo^Ho^HBymHe cxa- 
Moryx 6bixb Haii^eHM b MopcKHx h npecHbix BO^ax. MopcKHC BonocaxHKH 
napasHXHpyiox b paKoo6pa3HMx, a npecHOBO^Hbie b ochobhom b naceKOMbix, 
xoxfl H3BecxHbi cjiynaH hx napa3HXHpoBaHHB b ^Hnnono^ax (Baker, 1985; 
Schmidt-Rhaesa et aL, 2009) h nayKoo6pa3Hbix (Acholonu, 1968). Hwhc cyme- 
cxByiomaa CHCxeMaxHKa BonocaxHKOB ocHOBana Ha HCMHorax Mop(J)OJiorHHe- 
CKHX npH3HaKax HX Hapy^Horo cxpocHHB: opraHH3au;HH xbocxoboxo KOHu;a 
caMUiOB H caMOK, a xaK^e CKyjibnxype noBepxHocxH xena (Heinze, 1941). Ta- 
Kaa orpaHHueHHOCXb b BbiGope Mop(J)OJiorHHecKHx npH3HaKOB onpe^ejiBexcB b 
nepByio onepe^b, HenpoapauHocxbio xena B3pocjibix ocoGeii BonocaxHKOB, hck- 
jiiOHaiomeH B03MO^Hocxb HayueHHB HX BHyxpeHHHx opraHOB. UlnpoKoe pac- 
npocxpaHeHHe b coBpeMeHHOH Ghojioxhh «MOJieKyjiBpHbix» Mexo^OB noGy^- 
^aex Hcnojib30Baxb hx h pemeHHB BonpocoB xaKCOHOMHH ^aHHOH rpynnbi. 
K HacxoameMy BpeMenn nojiyueHO JiHuib HecKOJibKO nocne^OBaxejibHOCxeH 
yuacxKOB 18S h 28S pnGocoMajibHOH /(HK BonocaxHKOB (Bolek et aL, 2010; 
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Looney et al., 2012). B neKOxopbix cjiyna^x (J)HJioreHeTHHecKHe cxeMbi, nojiy- 
HOHHbie Ha ocHoee aHajiH3a HyKJieoxH^Hbix nocjie^OBaxeJibHOCxeii, Bcxynaiox b 
npoxHBOpCHHe c cymecxByiomeH KJiaccH(J)HKaiJiHeH. TaK, no pesyjibxaxaM ana- 
jiH3a AByx ynacxKOB pHOocoMajibHoft npe^cxaBHxejiH po^a Gordionus 

Muller, 1927 cymecxBenno oxjiHnaioxcH ox Bcex ocxajibHbix npecHOBO^Hbix 
BOJIOCaXHKOB, AJ1)I KOXOpbIX HMOIOXCH MOJIOKyJI^pHbie aaHHbie, H CB)I3aHbI c 6a- 
3ajibHbiMH y3JiaMH (J)HJioreHHH ^aHHOH rpynnbi (Spiridonov, Schmatko, 2013). 
HaAe}KHbie npe^cxaBJienH^ o (|)HJioreHHH BOJiocaxHKOB Moryx 6bixb nojiynenbi 
JIHUIb aHaJIH30M HeCKOJlbKHX JIOKyCOB ^A^pHOH H MHXOXOH^pHaJlbHOH JS}IK. TOM 
He Menee cxanoBHxc^ oneBHAHOH neoGxoAHMOCXb yrjiyOjieHHoro H3yHeHH« 
cxpoeHH^ BOJiocaxHKOB pOAa Gordionus. O^hhm h3 nyxeii nojiyneHH^ hobbix 
MOp(J)OJIOrHHeCKHX npH3HaKOB JXJl^ HCn0JIb30BaHHJI B CHCXeMaXHKe BOJiocaxH¬ 
KOB ^BJHHOXC^ aJICKXpOHHO-MHKpOCKOHHHeCKHe HCCJIC^OBaHHJI. J\o HBCXO^mCrO 
BpeMCHH Hex HHKaKHx CBe^eHHH no yjibxpacxpyKxype npe^cxaBHxejieii po^a 
Gordionus. B 3xom cooGmeHHH npHBO^Jixc^ pe3yjibxaxbi H3yHeHHH BOJiocaxH- 
KOB Gordionus alpestris (Villot, 1885), coGpannbix b ceBepo-3anaAHOH nacxH 
KaBKa3a, b CKaHHpyiomeM h xpancMHCCHOHHOM ajieKxpOHHbix MHKpocKonax. 


MATEPHAJI H METO;(HKA 

BojiocaxHKH GbiJiH coGpaHbi B. K). lllMaxKO b nione 2013 r. b p. Ciok 
6jih3 nocejiKa Khkojib Pecny6jiHKH A^bire^, PO (44®10'20.8" c. m. 
40^09'56.4" B. A.)- 

Jljifi H3yHeHHJi B CKaHHpyiomeM ajieKxpOHHOM MHKpocKone (C3M) xejio 
caMua BOJiocaxHKa G. alpestris, (|)HKCHpOBaHHoro 4%-HbiM (JiopMajiHHOM, pa3- 
pe3ajiH Ha oxACJibHbie KycoHKH hoa pa3HbiMH yrjiaMH b npOAOJibHOM h none- 
peHHOM ceneHHJix, npOBOAHJiH b cepHH cnnpxoB c noBbimaiomeHCJi KOHuenxpa- 
UHeii (7, 15, 30, 50, 70 h 96 %) h nocjieAyiomHM o6e3BO)KHBaHHeM auexoHOM. 
OdBeKXbi BbicyuiHBajiH MexoAOM «KpHXHHecKOH xoHKH» B annapaxe HCP-2 
(Hitachi, ^uomin), MOHXHpOBajiH na MHKpocKonHbie cxojiHKH-noAJio)KKH h na- 
HbuniJiH 30JIOXOM B BaKyyMHOH HOHHo-pacHbiJiHxejibHOH ycxanoBKe SC 5 02 
(Bio-Rad, CllIA) b axMOc4)epe aprona npH AaBJieHHH 0.1 mm px. cx. 06pa3u;bi 
H3yHajiH, Hcnojib3yji CKanHpyiomHH ojieKxpOHHbiii MHKpocKon TM 3000 (Hi¬ 
tachi, .SnoHHJi) c ycKOpJHOiAHM Hanpji^KeHHCM 15 kB. 

JSjlfl H3yHeHHJI B XpaHCMHCCHOHHOM 3JieKXp0HH0M MHKpOCKOHC (T3M) }KH- 
Bbix ocoOeir BOJiocaxHKa pa3pe3ajiH na KycoHKH ajihhoh 2—3 mm, (|)HKCHpoBa- 
JiH B 2.5%-hom pacxBOpe xjiyxapOBoro aJibAcrnAa na 0.05 M KaKOAHJiaxHOM 6y- 
(|)epe (pH 7.2 — 7.4) b xeneHue 12 h npH xeMnepaxype 4 ®C. 3axeM Maxepnaji 
npOMbiBajiH 6y(J)epHbiM pacxBOpOM h bxophhho (J)HKCHpOBajiH b 1%-hom pac- 
xBOpe nexbipexoKHCH ocmh« na xom jkc 6y(J)epe. Hocjie ocMHpOBaHH^ o6pa3ij;bi 
noMemajiH na 1 — 2 h b 1%-HbiH BOAHbm pacxBOp ypaHHJiauexaxa. /],erHApaxH- 
pOBajiH B CHHpxax HOBbimaiomeHCJi KOHuenxpauHH (5, 10, 15, 30, 50, 70, 90 h 
96 %), HH(J)HJibxpau;HK) ocymecxBJuuiH b pacxBOpax 3xaH0Jia h 3n0KCHAH0H 
CMOJibi Cnypp [Spurr] (EMS, CllIA) b cooxhoiuchhjix 1:1 (2 h) h 1:3 (3 — 4 h); 
3axeM 12 H BblACpJKHBaJIH B HHCXOH 3aJIHBOHHOH CpCAC, npHrOXOBJICHHOH CO- 
rJiaCHO HpOHHCH KOMnaHHH-npOH3BOAHXeJHI. nOJIHMepHaaUHK) GjIOKOB npOBO- 
AHJiH B xeneHHe 2 cyx b xepMOCxaxe npH xeMnepaxype 60 °C. HojiyxoHKHe h 
xoHKHe cpe3bi noJiynajiH na yjibxpaMHKpoxoMe Leica EM UC6 (Leica Micro- 
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systems, PepMaHH^) c Hcnojib30BaHHeM cxeKJi^HHtix HOKeii. Cpe3bi noMem^n 
Ha GjieHAbi, noKpbiTbie njieHKoft-no^Jio^KOH h3 (J)OpMBapa, h OKpamHBajiH 
1%-HbiM BO^HbiM pacTBOpOM ypaHHuauejaxa h uHxpaxoM CBHHaa no Peft- 
HOJibAcy (Yhkjih, 1975). MaxepHaji H3yHajiH c noMombio xpancMHCCHOHnoro 
3JieKxpOHHoro MHKpocKona Zeiss LIBRA 120 (Carl Zeiss, PepManH^) npH 
ycKOp^iomeM Hanp)i^eHHH 120 kB. rianopaMbi coGnpajiH c noMomi>K) npo- 
rpaMMbi iTEM. 

3jieKxpOHHO-MHKpocKonHHecKHe HCCJie^OBaHH^i npOBO^HJiHCb Ha 6a3e JXdnih- 
HeBOCxoHHoro uenxpa ojieKxpOHHOH mhkpockohhh npH HEM /],BO PAH h 
M e^Ka4)eApajibHOH JiaOopaxopHH ajieKxpOHHoii mhkpockohhh BHOHoranecKO- 
ro (|)aKyjibxexa MFY. 


PE3yJIbTATbI 

KyxHKyjia nojiOB03pejioro caMua G. alpestris npe^cxaBiiena ochob- 

HblMH CJIO^IMH: HOBepXHOCXHblM (hJIH apeOJl^pHblM) H MaCCHBHbIM CJIOeM nepe- 
KpeU^HBaiOmHXC^I BOJIOKOH. KpOMO xoro, M05KH0 BblACJlHXb eUJ,^ OAHH XOHKHH 
(0.15 — 0.2 mkm) 6a3ajibHbiH cjioh, HMeiomHH roMorennoe cxpoenne h Menb- 
myiO, HeM BOJlOKHa, OCMHO(J)HJIbHOCXb. 

CoAep5KamHH BOJiOKna cjioh, kbk bh^ho npH H3yHeHHH ero cpe30B b C3M, 
cocxoHx H3 13 — 15 cjioeB, HpHJieraiomHx k anH^epMHcy bojiokoh, xojimHHoii 

OKOJIO 0.2 - 0.3 MKM (pHC. 1, A, CM. BKJI.), H 30 - 35 CJlOeB BOJIOKOH, CeHCHHCM 

0.45—0.6 MKM. 06ma« xojimnna A^HHoro cjio^ cocxaBJuiex 17.0—18.0 mkm. 
Mepe3 BCK) xojimy bojiokhhcxofo cjioji upoxojxfiT paAHajibHbie thtku (pHC. 1, 

E - f), XOJimHHOH 0.1-0.2 MKM, KOXOpbie, HaHHHa^Cb ox HapyJKHOH rpaHHUbI 

KJiexoK ^^H;^epMHca h npoxo^« Hepe3 Bce cjioh nepeKpemwBaiomHxc^ bojiokoh 
KyxHKyjibi, Henocpe^cxBCHHO nepexo^Jix b cxojiGnaxbie o6pa30BaHH« apeoji^p- 
Horo cjioji. Ha pHC. 3 (cm. bkji.) mo^ho BH^exb, KaK o^hh h3 x^dkch paa^eji^ex- 
cji Ha HecKOJibKO cxojiSnaxbix o6pa30BaHHH. 

HoBepxHOCxb KyxHKyjibi BOJiocaxHKa HMeex CBoeo6pa3HyK), cocxo^myio 
HpeHMymecxBCHHO H3 rcKcaroHajibHbix ojieMCHxoB, cxpyKxypy (pHC. 1, T). 
Ka5K;^bIH H3 xaKHx rcKca- hjih nenxaroHajibHbix ynacxKOB (x. h. apeoji) HMeex 
pa3Mepbi B Hpe^ejiax 11—15X13—19 mkm. Apeojibi ox^ejienw jipyr ox ^pyra 
MCJKapeojHipHbiMH 6op03^KaMH, rjiyGHHOH OKOJIO 1 MKM. Ha HonepeHHbix cpe- 
3ax B C3M BHOTO, Hxo ocHOBHa^ xojima apeojibi cocxohx h3 ryGnaxoii xKann, a 
He^ocpe;^cxBeHHO na noBepxHOCXH 3ajieraex roMorennwH cjioh (pHC. 2, cm. 
BKJI.). npH H3yHeHHH Cpe30B KyXHKyJIbl B T3M B apeOJHIpHOM CJlOe pa3JIHHHMbI 
cxojiGnaxbie cxpyKxypbi cpe^Hefi 3JieKxp0HH0H hjioxhocxh, xojimHHoir okojio 
50 HM, opHCHXHpOBaHHbie nepneH^HKyjHipHO k noBepxHOCXH xejia. 

Jle^amHH no^ KyxHKyjiofi 3nH^epMHC MO^ex 6bixb no^pa3^ejieH na ^Ba 
cjioji. OcHOBHyK) nacxb 3nH^epMajibHoro cjioji cocxaBJuiex roMorennwH cjioh, 

XOJimHHOH OKOJIO 3 - 4 MKM, C paCHOJIO^CHHblMH B HCM JI^pBMH (pHC. 4, CM. 

BKJI.). Henocpe^cxBCHHo k KyxHKyjie npHJieraex cjioh pa3BexBJijnomHxc^ (J)HJia- 
MCHXOB, o6pa3yiomHH nexKyio rpaHHuy c 6a3aJibHbiM cjiocm KyxHKyjibi. Me^- 
^y (J)HJiaMeHxaMH pacnoJio^enbi 3JieKxpoHHo-npo3paHHbie hojiocxh hjih BaKyo- 
jiH. TojimHHa cjioji pa3BexBJHnomHxcji (JiHJiaMenxoB — 0.5 — 0.8 mkm. K ohh- 
^epMHcy HpHJieraiox cjioh BHCKJiexoHHoro MaxpHKca h cjioh npo^OJibHbix 
MbimeHHbix KJiexoK. 


44 


K cm. E. A. ryseeeou u dp., c. 44 



Phc. 1. ToHKafl Mop(J)oiiorHfl KyTHKynti BonocaTHKa Gordionus alpestris (C3M). 

A — o6mHH BHji CTCHKH TCJia OT apeonflpHoro cnofl KyTHKyniJ Mwine^Horo cnoa; E — ocHOBHue caoH KyxH- 

Kyati: apeoau h BoaoKHa (ocHOBHue h 6oaee TOHKHe, npHaeraiomHe k 3nH;iepMHcy); B — paziHaabHue tamch 
cpe^H caoeB nepeKpemHBaiomHxca BoaoKOH KyTHKyati; F — opraHH3auHfl noBepxHOCTH KyrnKyau h nojaeaca- 
mnx caoeB. MacuiTaGHtie aHHeiiKH, mkm : A — 25, E — F — 10. 

Fig. 1. Fine structure of the cuticle of Gordionus alpestris (SEM). 

A — general view through the body wall from areolar layer to muscular layer; B — main cuticular layers: areoles 
and fibers (regular and finer fibers, adjacent to the epidermis); C — radial strands between cuticular fibers; D — 
structure of the cuticle surface and underlying layers. Scale bars, pm: A — 25, E — F — 10. 
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Phc. 2. ApeojiapHBiH cjioh KyTHKynti BonocaTHKa Gordionus alpestris (T3M). 
a — apeojia; m6 — MeacapeoiuipHafl 6opo3aKa. MacmTa6Hafl JiHHeHKa — 5 mkm. 
Fig. 2. Areolar layer of the cuticle of Gordionus alpestris (TEM). 
a — areole, m6 — interareolar furrow. Scale bar — 5 pm. 
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Phc. 3. OpraHH3auHa apeojiapHoro cjioa KyTHKyjiti BOJiocaTHKa Gordionus alpestris (T3M). 
pm — pa^HajiBHUH tamc KyTHKyniJ. MacuiTa6HaH nHHeHKa — 2 mkm. 

Fig. 3. Areolar layer of the cuticle of Gordionus alpestris (TEM). 
pm — radial strand of the cuticle. Scale bar — 2 pm. 
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Phc. 4. CyGKyTHKynflpHBie cTpyKrypti BonocaTHKa Gordionus alpestris (T3M). 

eu — BHeKneTO^HHH MaxpHKC, mk — MHUie^Hafl KJieTKa, j) — cjioh (J)HJiaMeHTOB na rpaHHue 3nH;iepMHca h Ky- 
THKyjifci, H — fl^po 3nH;iepMajitHOH KJieTKH. MacinTa6Hafl HHneiiKa — 5 mkm. 

Fig. 4. Subcuticular structures of the cuticle of Gordionus alpestris (TEM). 

eu — extracellular matrix, mk — muscle cell, j) — filamentous layer on the border of epidermis with cuticle, 
H — nucleus of the epidermal cell. Scale bar — 5 pm. 






OBCy^aEHHE 


/],aHHbie no yjibxpacTpyKxype hmoioxch Jinuib jiJin ^pe^^cxaBHxeJIeH ne- 
CKOJibKHx pOAOB BOJiocaxHKOB. HivieioxcH no^poGnbie ^anHbie no yjibxpacxpyK- 
xype noBepxHOCXH MOpCKnx BOJiocaxnKOB po^a Nectonema Verrill, 1873 
(Schmidt-Rhaesa, 1996). Cpe^n npecnoBO^nbix BOJiocaxHKOB nsynenbi npe^- 
cxaBHxejin po^ Gordius Linne, 1758 (Eakin, Brandenburger, 1974; Schmidt- 
Rhaesa, 1996), Paragordius Camerano, 1897 (Zapotosky, 1971; Schmidt-Rhae¬ 
sa, 2004, 2005), Pseudochordodes Carvalho, 1942 (de Villalobos, Restelli, 
2001) n Chordodes (Schmidt-Rhaesa, Gerke, 2006). B nocjie^nen h3 oxnx pa- 
6ox A. IIlMnAx-Pe3a n C. PepKe (Schmidt-Rhaesa, Gerke, 2006) o6o6maK)x 
Aannbie no yjibxpacxpyKxype noKpOBOB BOJiocaxnKOB, cpaBHHBa^i b xom nncjie 
n o6myK) opraHn3au;HK) KyxnKyjibi panee n3yHeHHbix (J)opM. 

Hccjie^OBannbin naivin G. alpestris no ocobennocx^M opraHH3au;nn KyxnKy- 
jibi cxo^en c BOJiocaxHKaMn po^OB Gordius n Pseudochordodes (Eakin, Bran¬ 
denburger, 1974; de Villalobos, Restelli, 2001). Cxo^hbim o6pa30M y npe^cxa- 
BHxejien 3xnx pOAOB ycxpoen apeoji^ipnbin cjion KyxnKyjibi: nivieexc^ noBepx- 
HOCXHoe roMorennoe noKpbixne n ryGnaxa^i xojima apeojibi, cocxo^ma^ h 3 
cxojiGnaxbix hjih naKJionnbix ajieKxponno-njioxnbix ajieMenxoB. 3aMexnM, hxo 
B bniBJi^HOxc^ cymecxBennbie yjibxpacxpyKxypnbie pa3JiHHH^i MeHC^y ox^ejibHbi- 
MH npe^cxaBnxeji^iMH pojta Gordius. Y bh^ob po^a Gordius, xapaKxepn3yK)- 
mnxc^i najinuneM apeoji (y G. albopunctatus n G. impressus), opraHn3au;n« 
apeoji^ipHoro cjion Mano oxjinnaexcji ox xaKOBoro y G. alpestris (Schmidt-Rha¬ 
esa, 1996). HanpHMep, BOJiocaxnK, n3yHeHHbin P. M. Hkhhom h JItk. JI. Bpan- 
AcnbyprepOM (Eakin, Brandenburger, 1974) n onpe;^eJIeHHbIH hmh kuk Gordius 
sp., HMeex xopomo pa3Bnxbin apeoji^pnbin cjion c BbipaKennbiMH cxonGuaxhi- 
MH ojieMenxaMH. B xo ^e BpeM« y G. aquaticus c KyxnKyjion, Jinmennon apeoji, 
cnapyacn ox cjioh nepeceKaiomnxc^ bojiokoh nMeexc^ Jinmb xohkhh (0.5 mkm) 
cjion c najibnaxbiMH BbicxynaMn (Schmidt-Rhaesa, Gerke, 2006). Cxo^- 
Hoe cxpoenne CBoncxBenno n e^nncxaennoMy Bn;^y MOpCKHx BOJiocaxnKOB, 
Koxoporo ecxb yjibxpacxpyKxypnbie ;^aHHbIe — Nectonema munida 
(Schmidt-Rhaesa, 1996). Ocxaexc^ ne^icnbiM, ^iBJi^exc^i jin oxcyxcxBne apeo- 
ji^ipHoro cjiOH y neKOxopbix bh^ob Gordius BxopnuHon ero pe^yKunen y 3xnx 
npecHOBo;^HbIx BOJiocaxnKOB njin ocoGennocxbK), ynacjie^OBaHHon ox o6mero 
c MOpCKHMH BOJiocaxHKaMH npe^Ka. SnaHnxejibHoe cxo^cxbo b cxpoennn ^an- 
Horo cjio^i MOKex 6bixb oxMeneno Me^^y G. alpestris n P. bedriagae (de Villa¬ 
lobos, Restelli, 2001). Oxiinun^i b cxpoennn KyxnKyjibi MeK^y npe^cxaBnxeJUi- 
MH po^OB Gordius, Pseudochordodes n Gordionus Bbi^Bjnnoxcji b ocnoBnoM b 
xojimnne n opnenxaunn ox^ejibnbix 3JieMenxoB KyxnKyjibi. TaK, y G. alpestris 
xojimnna apeojnipnoro cjioa cocxaBjniex okojio 1 mkm, a cxojiGnaxbie cxpyKxy- 
pbi cpe^nen 3JieKxponnon njioxnocxn b napy^noM cjioe KyxnKyjibi opnenxnpo- 
Banbi nepnen^Kyjnipno noBepxnocxn xejia, 3a ncKJnoHenneM KpaeBbix nacxen 
apeoji. KpOMe xoro, y H3yHennoro naMn BOJiocaxnKa 10—15 npnjieraiomHx k 
onn^epMHcy cJioeB KyxnKyjibi co^ep^ax BOJiOKna 3aMexno Menbmero ^naMex- 
pa no cpaBnennio c BOJiOKnaMn ocnoBnon xoJimw KyxnKyjibi. nocJie^n«« oco- 
6ennocxb, o;^naKO, xpe6yex nccjie^OBannJi na 6ojibmeM KOJinnecxBe oco6en. 

Oprann3au;nJi noBepxnocxnoro cjioji KyxnKyjibi BOJiocaxHKOB ^pyrnx po^OB 
cymecxBenno oxjiHHaexca ox ee cxpoennJi y xpex BbimeynoMJinyxbix po^OB. 
TaK, y Paragordius varius nMeioxc^ anannxejibnbie no pa3Mepy «no^ymKOBn^- 
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Hbie» (cushion-like) cxpyKxypbi (Zapotosky, 1971; Schmidt-Rhaesa, 2004, 
2005). B xojime apeoji^pHoro cjioh KyxHKyjibi oxoro en^a pacnoJiaraioxcH 
KpynHbie oneKxpOHHO-njioxHbie BKJiioHeHHH, pasMepOM okojio 8 — 10 mkm. Ha 
BHeuiHeft rpaHHue noBepxHOCXHoro cjioh P. varius HMeioxoi h cxojiOnaxbie 
ocMHO(J)HJibHbie cxpyKxypbi, HanpaBJieHne och Koxopbix, o^HaKO, ouenb H3MeH- 
HHBO. PacnojiO)KeHHbie Gojiee hjih Menee nepneHAWKyji^ipHO k noBepxHOCxn 
KyxHKyjibi 3XH cxpyKxypbi oOpasyiox nepenjiexaiomHec^i, xaoxHHHO opneHxn- 
pOBaHHbie nyuKH na Kpa^x apeoji h BHyxpn ox^ejibHbix GyropKOB KyxHKyjibi 
(ocoGbiii 3JieMeHX na noBCpxHOCxH KyxHKyjibi 3xoro BH^a). Eme Gojiee Bbipa- 
^CHHbie oxjiHHra ox ropAHOHycoB oGnapy^HBaioxc^ b cxpocHHH noBepxHOCx- 
Horo cjio^ KyxHKyjibi bojiocbxhkob po^a Chordodes — C nobilii (Schmidt- 
Rhaesa, Gerke, 2006). Teno apeojibi cocxohx h3 Momnoro ocMHO(J)HJibHoro bm- 
cxyna, Bbicoxa Koxoporo bo mhoxo pa3 npeBbimaex xonmnny Bcero noBepxHO- 
cxHoro cjio^i KyxHKyjibi. Hoa chjibho BbicxynaiomnMH apeojiaMH y xopAOA^coB 
TdiKTKe pa3JiHHHMbi «noAyiiiKOBHAHbie» cxpyKxypbi. KaK y Paragordius varius, 
xaK H y Chordodes nobilii c 3xhmh cxpyKxypaMH CB^3aH abohhoh npoxoK, HAy- 
mHH ox cyGKyxHKyjDipHbix cxpyKxyp c HeBbi^CHeHHoii (JiynKUHeii. 

OcHOBHyK) xojimy KyxHKyjibi BOJiocaxHKOB cocxaBJi^iex cjiOH nepeceKaio- 
mnxc^i BOJiOKOH. 3xox CJIOH ecxb y Bcex, b xom hhcjic h y MOpCKHx BOJiocaxH- 
KOB. KaK GbiJio noKa3aHO panee (Schmidt-Rhaesa, 1996), oGiuee KOJiHuecxBO 
cjioeB nepeKpeiuHBaiomHxc^ bojiokoh H3MeHHHBO A^JKe na npox^^eHHH xejia 
OAHOH ocoGh: Ha xojiobhom KOHue cjioeB MeHbme (20 — 30), HeM b cepeAHHe 
xejia (35 — 45). OopMa ceneHH^ bojiokoh na oxACJibHwx 3JieKxpOHHO-MHKpo- 
CKOHHHecKHx cpe3ax pa3JiHHaexc« b 3aBHCHM0cxH ox yrjia, hoa KOxopbiM Gbui 
CACJiaH cpe3. CooxBexcxBeHHO pa3JiHHaexcji h oGiahh bha cenenH^ Been cpeA- 
Heii naexH KyxHKyjibi. B xo ^e BpeMJi BbuiBHXb KaKHe-jinGo cym^cxBeHHbie ox- 
JIHHHJI MeJKAy OXACJIbHblMH pOA^MH BOJIOCaXHKOB B CXpOeHHH BOJIOKHHCXOXO 

cjioji KyxHKyjibi He yAaexc^. Cxoaho y pa3Hbix bojiocbxhkob expoenne cjio« 
MbimeHHbix KJiexoK h BHeKJiexoHHoro MaxpHKca. 

TaKHM oGpaaoM, nanGojiee ^BCXBeHHbie paajiHHHji ueyKjiy oxACJibHbiMH po- 
AaMH BOJiocaxHKOB oGnapyi^HBaioxc^ Jinmb b yjibxpacxpyKxype noBepxHOCx- 
Horo cjioji KyxHKyjibi. Ho ocoGchhocxjim expoenn^ KyxHKyjibi H 3 yHeHHbiH HaMH 
BOJiocaxHK pOAa Gordionus cxoa^h c lOJKHO-aMepHKancKHM bhaom Pseudo- 
chordodes bedriagae, a xaK^e c xcmh H 3 yHeHHbiMH Gordius sp., y KOxopbix 
HMeioxcji apeojibi (Schmidt-Rhaesa, Gerke, 2006). CymecxBeHHbie pa 3 JiHHH« c 
BOJiocaxHKaMH pOAOB Paragordius h Chordodes cocxojix b oxcyxcxBHH y rop- 
AHOHycoB HeKOxopbix xopomo 3aMexHbix cxpyKxyp BHyxpH h na noBepxHOCXH 
KyxHKyjibi. B uejiOM KyxHKyjia y npeACxaBHxejiefi AByx 3xhx pOAOB yexpoena 
GoJiee CJI05KHO. 3aMexHM, hxo xpaAHUHOHHaji cHcxeMaxHKa (Heinze, 1941) pa3- 
ACJHiex HpecHOBOAHbix BOJiocaxHKOB Ha 2 ceMCHCXBa: Gordiidae c poabmh Gor¬ 
dius H Acutogordius h Chordodidae, o 6 i>eAHHJiK)mee npeACxaBHxejien Bcex 
ocxajibHbix pOAOB. HMeiomHecji k nacxojimoMy BpeMCHH MOJieKyji^pHbie abh- 
Hbie yKa3biBaK)x na onpeACJieHHyio oGocoGjichhooxb pOAB Gordionus, xoxAa 
KaK ocoGchhocxh cxpoeHHji KyxHKyjibi roBOpJix o cxoacxbc c poabmh Gordius h 
Pseudochordodes. TaKHM o 6 pa 30 M, oGe rpynnbi npH 3 HaKOB (MOJieKyjuip- 
Ho-xaKcoHOMHHecKHe H yjibxpacxpyKxypHbie) He noAACpJKHBaiox xpaAHUHOH- 
Hyio KJiaccH(J)HKau;HK) 3xoh rpynnbi nepBHHHonojiocxHbix HepBeii, hxo yKaabi- 
Baex Ha neoGxoAHMOCXb ABJibHeftmero naKonjieHHji xaKConoMHnecKHx npH3Ha- 
KOB c HOCJieAyiomoH peBH3HeH AaHHOH rpynnbi napa3HXHHecKHx nepBen. 


46 


BJIArOAAPHOCTH 


ABTOpbi Sjiaro^apHbi coTpy^HHKaM HBM JJfiO PAH (BjiaOTBOCTOK, Poc- 
CH)i) K). K. 3orpa(J), B. B. lOuiHHy u J\.B. OoMHHy 3a noMomb b npoBCjiCHuu 
3JieKTpOHHO-MHKpOCKOnHHeCKHX HCCJieAOBaHHH. 

PaGoxa BbinojiHena npH no^^ep^Ke rpaHxoB POOH (JS 2 14-04-3156 l-MOJi_a 
H 14-04-00334-a). 


CnHCOK JiHTepaTypbi 

y HKJiH B. 1975. 3jieKTpoHHa5i MHKpocKonH^i ^Ji5i HaHHHaiomHX. M.: Mnp. 324 c. 

Acholonu A. D. 1968. Neochordodes sp. (Nematomorpha) as a parasite of the spider {Cte- 
nus bryrrbus) in Costa Rica. Journ. of Parasitol. 54 (6) : 1233—1234. 

Baker G. H. 1985. Parasites of the millipede Ommatoiulus moreletii (Diplopoda, lulidae) in 
Portugal, and their potential as biological control agents in Australia. Australian Joum. of 
Zool. 33 (1): 23—32. 

Bolek M. G., Schmidt-Rhaesa A., Hanelt B., Richardson D. J. 2010. Redescripti¬ 
on of the African Chordodes albibarbatus Montgomery 1898, and description of Chor- 
dodes janovyi n. sp. (Gordiida, Nematomorpha) and its non-adult stages from Cameroon, 
Africa. Zootaxa. 2631 (32) : 36—50. 

Eakin R. M., Brandenburger J. L. 1974. Ultrastructural features of a Gordian worm (Ne¬ 
matomorpha). Joum. of Ultrastructure Research. 46 (3) : 351—374. 

Heinze K. 1941. Saitenwurmer Oder Gordioidea (Nematomorpha) In: F. Dahl (ed.). Die Ti- 
erwelt Deutschlands. Jena, Gustav Fischer. 39 : 1—78. 

Looney C., Hanelt B., Zack S. 2012. New records of nematomorph parasites (Nemato¬ 
morpha: Gordiida) of ground beetles (Coleoptera: Carabidae) and camel crickets (Or- 
thoptera: Raphidophoridae) in Washington State. Joum. of Parasitol. 98 (3) : 554—559. 

Schmidt-Rhaesa A. 1996. Zur Morphologie, Biologie und Phylogenie der Nematomor¬ 
pha: Untersuchungen an Nectonema munidae und Gordius aquaticus. Gottingen, Cuvilli- 
er. 276 p. 

Schmidt-Rhaesa A. 2004. Ultrastructure of an integumental organ with probable sensory 
function in Paragordius varius (Nematomorpha). Acta Zoologica. 85 (1): 15—19. 

Schmidt-Rhaesa A. 2005. Morphogenesis of Paragordius varius (Nematomorpha) during 
the parasitic phase. Zoomorphology. 124 (1) : 33—46. 

Schmidt-Rhaesa A.,Gerke S. 2006. Cuticular ultrastmcture of Chordodes nobilii Came- 
rano, 1901, with a comparison of cuticular ultrastmcture in horsehair worms (Nemato¬ 
morpha). Zoologischer Anzeiger. 245 (3—4) : 269—276. 

Schmidt-Rhaesa A., Far fan M. A., Bernard E. C. 2009. First record of Millipeds as 
hosts for horsehair worms (Nematomorpha) in North America. Northeastern Naturalist. 
16 (1) : 125—130. 

Spiridonov S. E., Schmatko V. Yu. 2013. Morphological and molecular characterization 
of Gordionus alpestris (Nematomorpha) from the North-West Caucasus, Russia. Hel- 
minthologia. 50 (1) : 67—72. 

Villalobos deL. C.,RestelIi M. A. 2001. Ultrastructural study of the cuticle and epider¬ 
mis in Pseudochordodes bedriagae. Cell Tissue Research. 305 (1) : 129—134. 

Zapotosky J. E. 1971. The cuticular ultrastmcture of Paragordius varius (Leidy, 1851) 
(Gordioidea: Chordodidae). Proc. Helm. Soc. Wash. 38 (2) : 228—236. 


47 


CUTICLE ULTRASTRUCTURE OF THE FRESH-WATER HORSEHAIR WORM 
GORDIONUS ALPESTRIS (VILLOT, 1885) (NEMATOMORPHA) 

E. A. Guzeeva, B. D. Efeykin, V. Yu. Schmatko, S. E. Spiridonov 
Key words: horsehair worms, systematics, morphology, cuticle, ultrastructure. 

SUMMARY 

The cuticular structure of the horsehair worm Gordionus alpestris (Villot, 1885) was 
studied under scanning and transmission electron microscopes. Adult worms were collec¬ 
ted in the Syuk River near Nickel’ Village in the Republic of Adygea (Russia) in June 
2013. In the sampling area, the G. alpestris juwQnilQS parasitize diplopods Pachyiulus kri- 
volutskyi Golovatch, 1977. Similarities with other Nematomorpha species with the known 
cuticle ultrastructure are discussed. 
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